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time of the search, April 2009, with the search entries “MRI”, and “os-
teoarthritis”. The abstracts of the 1338 citations received with this search
were then preliminarily screened for relevance by two reviewers. Of these,
243 were selected for data extraction for this analysis as well as a distinct
analysis on validity. For this analysis we extracted data on responsiveness
and reliability from both longitudinal and cross-sectional studies for all
synovial joint tissues as it relates to MRI measurement in OA. Reliability
was deﬁned by inter- and intra-class correlation (ICC) and kappa statistics.
Responsiveness was deﬁned as standardized response mean (SRM)- ratio
of mean of change over time divided by standard deviation of change.
Random-effects pooling was used to summarize data from multiple studies.
Results: The reliability analysis (Table 1) included data from 89
manuscripts. The inter-reader and intra-reader ICC were all excellent
(range 0.8-0.94).The inter-reader and intra-reader kappa values for quanti-
tative, semi-quantitative and compositional measures were all moderate to
excellent (range 0.52-0.88).
The responsiveness analysis (Table 2) included data from 42 manuscripts.
The pooled SRM for quantitative measures of cartilage for medial
tibiofemoral joint was -0.58 (95% CI -0.75 to -0.41). The pooled SRM for
the semi-quantitative measurement of cartilage for the medial tibiofemoral
joint was 0.55 (95% CI 0.47 to 0.64). For the quantitative analysis we have
negative SRMs because the quantitative value goes down (indicating a loss
of cartilage). For the semi-quantitative analysis, we have positive SRMs
indicating a loss in cartilage because that is how the scale is deﬁned.
Table 1. Results of random-effects pooling of reproducibility fromMRI studies stratiﬁed by
measure (quantitative, semi-quantitative) and tissue (cartilage, synovium, bone marrow
lesion, meniscus, and ligament)
Inter-reader intra-class Number of Estimates Mean Pooled 95% CI
correlations (ICC) (Studies) Sample Size ICC
Quantitative
Cartilage 10 (4) 196 0.90 0.86, 0.95
Meniscus 2 (1) 291 0.81 0.72, 0.89
Inter-reader kappa Number of Estimates Mean Pooled 95% CI
(Studies) Sample Size Kappa
Semi-Quantitative
Cartilage 15 (4) 136 0.57 0.44, 0.71
Bone Marrow Lesion 2 (2) 237 0.88 0.79, 0.97
Meniscus 3 (3) 418 0.73 0.63, 0.84
Ligament 3 (3) 209 0.80 0.69, 0.90
CI: Conﬁdence Interval.
Table 2. Results of random-effects pooling of standardized responsemean fromMRI stud-
ies stratiﬁed by measure (quantitative, semi-quantitative, and compositional) and tissue
(cartilage, synovium, bone, bone marrow lesion, meniscus, and ligament)
Stratiﬁcation Number of Estimates Mean Pooled 95% CI
(Studies) Sample Size SRM
Quantitative Cartilage
Medial Femoral 54 (12) 118 -0.39 -0.48, -0.30
Medial Tibial 55 (17) 134 -0.33 -0.39, -0.26
Medial Tibio-Femoral 31 (12) 92 -0.58 -0.75, -0.41
Lateral Femoral 32 (8) 151 -0.19 -0.27, -0.11
Lateral Tibial 44 (14) 152 -0.44 -0.51, -0.36
Lateral Tibio-Femoral 14 (5) 110 -0.56 -0.92, -0.20
Patella 13 (9) 131 -0.60 -0.83, -0.37
Semi-Quantitative Cartilage
Medial Tibial-Femoral 3 (3) 224 0.55 0.47, 0.64
Lateral Tibial-Femoral 3 (3) 224 0.37 0.18, 0.57
Patella 2 (2) 238 0.29 0.03, 0.56
Semi-Quantitative Other
Synovium 3 (2) 68 0.52 0.28, 0.76
Osteophytes 4 (1) 150 0.36 0.28, 0.44
Bone Marrow Lesion 6 (2) 130 0.19 0.07, 0.30
Meniscus 2 (1) 264 0.27 0.14, 0.40
CI: Conﬁdence Interval.
Conclusions: MRI has evolved substantially over the last decade and its
strengths include its ability to visualize individual tissue pathologies, which
can be measured reliably using both quantitative and semi-quantitative
techniques. Using MRI it is possible to accurately and feasibly measure
change in cartilage morphology over 12 months for knee OA. Studies
also suggest that cartilage and synovium are responsive measures on
semi-quantitative assessment.
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Purpose: A history of knee trauma is a risk factor for OA incidence, but
it is unknown whether knees with radiographic OA (ROA) and a history
of injury structurally differ from ROA knees without history of injury. We
used MRI to investigate differences in total subchondral bone area (tAB)
and subregional cartilage thickness (ThC) patterns between ROA knees with
and without a history of injury from the Osteoarthritis Initiative.
Methods: Baseline MR images from the right knees of 891Osteoarthritis
Initiative participants with ROA (public use data sets 0.E.1 [imaging] and
0.2.2 [clinical]; 309 had a history of trauma (i.e. answered yes to the
question: Did you ever injure right knee badly enough to limit ability
to walk for at least two days?), and 574 had not. Of knees with trauma
history, 2% had no deﬁnite osteophytes (OPs), 28% had deﬁnite OPs and no
JSN, 37% had isolated medial JSN, 21% had isolated lateral JSN, and 11% had
bicompartimental JSN. In the non-trauma history knees, the numbers were
8%/38%/33%/14%/6% respectively; ThC results were stratiﬁed for these ROA
categories. There was no difference in age (61 vs 63 years) and BMI (29.7 vs.
29.6) between ROA knees with and without trauma history, but more men
than women had a history of knee injury (p=0.001). Thus, results for tAB
were stratiﬁed by sex and results for ThC were adjusted for sex. Between
group differences were compared using the Mann Whithney U-test
(uni-variate) and general linear models (GLM, multi-variate). No correction
for multiple testing was applied as this was an exploratory study.
Results: The tAB in the central aspect of the medial (p=0.001) and lateral
(p=0.008) femoral condyles was signiﬁcantly larger in male (but not in
female) knees with trauma history than in those without. In knees with
isolated medial JSN, ThC was signiﬁcantly greater in the central lateral
femur (cLF, p= 0.007) and tibia (LT, p=0.042) in those with trauma history
vs. those without, after adjustment for sex. No other between groups
difference was found on the cartilage plate level after adjustment. In knees
with OPs and no JSN, the internal medial tibia (iMT) and internal lateral
femur (icMF) displayed signiﬁcantly greater ThC in knees with trauma than
in those without (p=0.011/p=0.03, after adjusting for sex respectively);
iMT displayed a similar difference also with isolated medial JSN (p=0.02)
In knees with isolated medial (but not isolated lateral) JSN, all lateral
subregions displayed greater ThC in those with trauma history than in
those without; the differences being signiﬁcant in the central (p=0.007),
external (p=0.004), anterior (p=0.006) and posterior lateral tibia (p=0.023),
and in the external central lateral femur (p=0.005) after adjusting for sex
(Figure 1).
Figure 1. Differences in regional cartilage thickness pattern between those with a history
of knee injury and those without. Dark grey subregions indicate no signiﬁcant difference
and white subregions indicate subregions where the cartilage was signiﬁcantly thicker in
those with a history of knee injury after adjusting for sex.
Conclusions: The results of this cross-sectional study suggest that there
are discrete, but consistent morphologic differences between ROA knees
with and without a history of knee injury. The larger femoral tAB in trauma
knees may represent an adaptive response to the larger mechanical insults
that lead to OA in injured knees. The pattern of thicker cartilage in iMT and
icLF (in ROA knees without JSN) is interesting, as these cartilage subregions
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are adjacent to the insertions of the ACL. Potentially, the cartilage may
swell or hypertrophy in these regions due to an involvement of the ACL
during injury. Our results suggest that the pattern of cartilage loss may
differ slightly between post traumatic OA and primary OA knees.
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Purpose: To determine whether 3D shape of the femur and tibia are
predictive of the incidence of osteoarthritis, and the usefulness of 3D shape
as a marker of occurrence.
Methods: Radiographs were drawn from 1000 subjects of the incidence
cohort of the publicly released OAI dataset. Paired images at baseline, 12, 24
and 36 months were read by an experienced reader to determine possible
incident x-ray OA cases (deﬁned as KL≥2) in knees without OA at baseline
(KL≤2)) over the follow-up. A second experienced reader independently
read paired images of these possible cases mixed with controls. Incident OA
cases were deﬁned only when both readers agreed independently. Cases
with any lateral OA were excluded. 2 controls were selected per case,
matched on KL grade at baseline.
Baseline DESS-we images from the OAI dataset were used to identify
vectors which were best able to discriminate subjects with OA from those
who did not have OA. A statistical model of the femur and tibia bone
surfaces, built from an unrelated dataset, was automatically ﬁtted to each
image of a training dataset of subjects from the OAI control group and the
O.B.1 group. This resulted in ﬁtting a standardized grid of points to the
femur and tibia within each image. We used linear discriminant analysis
to identify the vectors which best separated the groups; separate vectors
were identiﬁed for the femur, the tibia and the combined bones.
For the current study, the bone model was ﬁtted to each of the case and
control images at baseline and at each annual follow-up. The resultant
shape was projected onto the vectors described above. For each image, this
produces a single value of the distance along the vector, which is scaled so
that the mean non-OA shape is represented as -1, the mean OA shape as +1.
Results: Comparing baseline images when no OA was present in either
46 cases or 92 controls, a t-test of the difference between the population
means for the value of the vector was not signiﬁcant using the tibia
vector. Using the femoral vector a small but signiﬁcant difference was
found (difference between means = 0.24, p = 0.01), but this is too small
a difference to predict later incidence of OA. With follow-up as the cases
developed radiographic OA, all of the vectors (femur, tibia and combined)
showed separation of the case and control groups, a separation which
increased with time (see Figure 1 for the results for the combined vector).
The results for the combined vector are shown in Figure 1. Table 1 shows
the amount of change at each time point using the combined vector. The
high SRM value at years 2 and 3 with this cohort suggest that this is a
highly sensitive measure of disease occurrence and possibly progression.
Figure 1. Figure shows change in the value of the combined vector from baseline for the
femur and tibia in case and control groups, with 95% conﬁdence limits. n for case group
was 46, 44, 41 and 36 at 0, 12, 24 and 36 months. Control group n was 92, 89, 77 and 69.
Conclusions: There is a small but signiﬁcant difference between the groups
at baseline, which does not predict the likelihood of OA incidence. However,
Table 1. Differences in value of the combined vector between cases and controls by length
of follow-up
12 months 24 months 36 months
Mean change since baseline 0.120 0.359 0.470
95% Conﬁdence limits (0.04, 0.2) (0.26, 0.46) (0.34, 0.6)
p-value 0.00535 8.77E-09 1.13E-08
SRM 0.442 1.130 1.235
as OA develops, the vectors for femur, tibia and combined bone change,
discriminating robustly between developing OA and non-OA. Bone shape
does not appear to be a predictor of disease onset, but changes either
before or concurrent with disease development. The sensitivity of the
change in 3D shape, as judged by the SRM value, suggests that 3D shape
could be used as a biomarker to assess OA progression in clinical trials.
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It is increasingly appreciated that synovitis may be observed even in
early OA. Chronic inﬂammation and angiogenesis are closely integrated
processes. Arthroscopic studies suggest that localized proliferative and
inﬂammatory changes of the synovium occur in up to 50% of OA patients,
in MRI studies even up to 73%. Power Doppler ultrasound (PDU) is recog-
nized method in assessment of synovial vascularity but still inadequate in
quantiﬁcation of slow ﬂow in microvessels formed in angiogenesis.
Purpose: To investigate contrast-enhanced ultrasound (CEUS) potential
in detection and quantiﬁcation of synovial vascularity of early knee os-
teoarthritis (KOA) patients in comparison of knee symptoms, PDU and
synovial biopsy.
Methods: CEUS was performed to 24 patients (M/F 16/8) who were on
waiting list for arthroscopy and agreed to pass an additional test. Patients
were in age 34-60 (mean 48 yrs) and had BMI 21.5-36.5 (mean 28.1). Knee
symptoms had lasted in average 1.5 years. Radiographic OA distributed as
grade 0 in 31%, grade1 in 52% and grade 2+ in 17% of cases.
Function limitations and knee pain were evaluated using KOOS index.
Synovial vascularity was assessed by and CEUS examinations with Sequoia
512 (Siemens) US equipment using multifrequency linear 14 MHz trans-
ducer. PDU signal was graded on a scale of 0-3 (0=absent to 3=marked). All
patients underwent CEUS with SonoVue® (Bracco). For CEUS a commercial
vascular recognition imaging and quantitative assessment software were
used. For description of synovial vascularity three contrast quantiﬁcation
characteristics, arrival time (AT), time to peak (TTP) and peak intensity (PI),
were used.
Arthroscopy was performed via usual anterolateral and anteromedial
femorotibial portals 2-3 weeks after KOOS and US evaluation. Synovial
membrane biopsy specimens were taken under direct visualisation from
areas of macroscopically apparent synovial changes. In 18 cases immuno-
chemical staining with factor VIII was used to detect synovial new blood
vessel formation. Non-parametric statistics were used.
Results: The results distributed according to AT: without clear contrast
arrival peak (group I, n=10), with early perfusion (group II, AT less than 30
sec, n=7) and group III with later perfusion (AT longer than 30 sec, n=7).
KOOS subscales Symptoms (p 0.02), limitations in ADL and Sport/Recreat
(p 0.03) were signiﬁcantly more expressed in patients from group II and
III compared to group I, but no difference was observed between groups II
and III.
Number of synovial blood vessels in PF turned to be higher in groups II and
III (medians 52 and 50) in comparison of group I (median 35, p= 0.06 and
0.01, respectively). Signiﬁcant correlation was observed between the AT
values and number of synovial blood vessels (rho =0.624, n=18, p=0.006).
At the same time no correlation was found between the vessels’ number
and PDU results. Discrepant results of CEUS and PDU results were observed
primarily in group III (Fisher exact p=0.021), when only no ﬂow or minimal
ﬂow was seen by PDU.
